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(54) Aqueous emulsion 

(57) The present invention relates to an aqueous 
emulsion comprising a dispersant of a modffied polyvinyl : 
alcohol with an ethylene unit content of 2 to 9 mor% and 
a degree of hydrolysis of at least 95 mof%, a disperse** 
of a pofymer of an ethylenicalry unsaturated monomer, 
and a ratio (n 2rpm/q 20rpm) of Brookfield viscosity at 
30°C. 2 rpm (q 2rpm) as against Brookfield viscosity at 
30»C, 20 rpm fa 20rpm) being 1 to 1.8 when the latter 
viscosity fa 20rpm) is adjusted to 5,000 to 10,000 mPa-S. 

The aqueous emulsion according to the present 
invention is excellent in structural viscosity (ftawabiTrty. 
high speed application performance), provides coated 
layers with high water resistance and low-temperature 
stability, and can be suitably used extensively as an 
adhesive for paper, wood and plastics, as a binder for 
impregnated paper and non-woven products, as an addi- 
tive for mortar, as a paint, and in paper and fiber process- 
ings. 
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^ !m , en ,i 0rt relates to an aqueous emulsion, and more particularly to an aqueous emulsion which is 

The present in «"^*J* water-resistant adheston properties and low^emperature stability. 

'^^^S^S^^^^^ beTcommonly used as a protective coHoid for 
Polyvutyl ataoho \Q™«™r SvSwStod monomers, particularly vinyl esters such as vinyl acetate. Aqueous 

PVAS useo as a „, ^ a -partially hydrolyzed PVA* with a degree of hydrolysis of approx- 

^i^^lSSS^ Sc^iy^SonS the completely hydrolyzed PVA as d sp**ant 
Imately 88 moRfc. Emulsions (htah ^eed application property). Aqueous emulsions of this type 

have ^^^^^l^^^^^^^n lettsS^at tow temperatures and that 
are. however, are defective in that ^J^J^ f SSn polymerization usino the partially hydrolyzed PVA 
they are easily subject to gelation. E"?*™**™?^' !2K EES* reoccur when left standing at lew 
as disperse*, on the ^J^^^^^^^^^^^S^b^ used as a coating agent 

S^Xc^v^ 

* ^ ^r 1 ?^^ problems encountered in the prior art. there have been proposed * ™^ 
^ ' ^ fTw^r^^^ ofPVA of which degree of hydrolysis is Mermecfate between completely hydrolyzed 
tf^entd^cfMroly^u^PV^ requirements aB at once. such as water rasa* 
and partially hyoVotyzed. Hto^er^CTe is no r^u ternjeralure-dependent emulsion viscosity and low- 
ance as a coating material. Wgh speed appCtalKJn^^^st^eraui^u^ o^ned by emulsion poiym- 

* tenperaturestabnity.Add^ofuiear^ 

enzation using partially hydrofyzed PVA as L P ^en^ odentM entails a problem of inferior 

resuftant coating. This improves the '^^^^ mo^rCoontaWno 1 to 10 mot* 
work efficiency due to increased ^^^^.^^^^^^^^ resistance of the coating and 
of a-olein unit with a "^^ cart ^^^ v ° f J^ L£ °^ Z S«^nuteton which is excellent both In water 
so the less terrperatur*<Jependem ^^.^^^^^^^^^iio (JPA Laid-open No. 80709. 
resistance and flowabiBty (high speed application property) na& never Deen maoe a™ * ~k 

and a degree of hydrolysis of at least invention has an ethylene unit content of 2 to 9 mol% 

The modified PVA to be used as a **»™*" S SSf «3» ^aWy95 to 99.5 mcf%. and still more 
(preferably 3 to 8 mol%) and a degree of hydrofysis * ^TyJL resistance and tow-temperature 
P^erat*96to99.5n^^ 

atabintyof coatlngdecreases. whereas ^^^^^^^SS^s is less than 95 mol%.flowabilily and 
and resultant aqueous emuteon hcta In < case > to » «»JJJ3JJJJ; ^ 99.5 emulsion potymeri- 

water resistance of coating decrease, whereas if the d ^^ ee ^ i ^'^^^. te(nDerature s^Mty The viscosHy- 
zafion becomes difficult and the r^ultant aqu^ 

average degree of ^^^Z^^fT^^^Z^^ is less than 100. the modified PVA will 
100 to 8.000 and more preferabty 300 to 3.0M. If tfne J^eetf polymen ^ B QQQ ft becomes 

fall to property function as a protective colloid, while if the oegree 01 poiymo ■« 

difficult to produce the modified PVA on an Industrial scale. intarbdal activity of the modified PVA to be 

in obtains the aqueous modified PVA 

used as the dispersant plays an important role, and thus the sunace tension w « «m 
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at 1 weight% (20°C) needs to be 52 to 61 dyne/cm. In case the surface tension is more than 61 dyne/cm. the irrterfacial 
activity decr eas es and the resultant emulsion lacks stability, if the surface tendon is less than 52 dyne/cm, the irrterfacial 
activity becomes excessively high. maWng rt Impossible to obtain an emulsion with good flowabffity. 

The above mentioned modified PVA is used as the cfispersant for the aqueous emulsion according to the present 
invention, and conventional anonic, nonionic or cationic surfactants, PVA and hydraxyethyl cellulose may be used in 
combination so long as the effect of the present invention is not impaired. 

The modified PVA acconcfing to the present Invention Is obtained by hydrolysis of a copolymer of vinyl ester and 
ethylene. Examples of vinyl ester include vinyl formate, vinyl acetate, vinyl propionate and vinyl pivaiate. but vinyl acetate 
is preferred. 

The modified PVA according to the present invention may be a copolymer of ethyierricaily unsaturated monomer so 
long as the effect of the present invention is not impaired. Examples of such ethytenicafly unsaturated monomer include 
acryfic add, methacryilc acid, (anhydrous) phthafic add. (anhydrous) maleSc add. (anhydrous) ttaconic add, acrytonrtryt, 
methacryionftnl, acrylamlde, methacrylarrtde, trlmethyK3^ciYlarnIde-3^me^^ chloride, acryla- 

mWe-2-methyi propane sulfonate and the sod&um salt thereof, ethytvinyl ether, butyl vinyl ether, N-vinyf pyrrdidone, vinyl 
chloride, vinyl bromide, vinyl fluoride, vinyfldene chloride, vinyDdene fluoride, tetrafluoroetrryiene, vinyl sodium sulfonate, 
and aryi sodium sulfonate. 

ft is also possWe to use an end group modified PVA which is obtained by copdymenxation of vinyl ester monomer 
with ethylene in the presence of a triiol corr^XHjrrf such 
hydrolysis. 

According to the present invention, modification of PVA is most preferably achieved using ethylene alone. In case 
modified PVA of the present invention is to be further modified using oomonomers other than ethylene, it is preferable 
that the content of said comonomer is less than 1 mol%. more preferably less than 0.5 mor% and still more preferably 
less than 0.1 mor%b 

Various types of polymers may be used as ethyienicaOy unsaturated monomer as the cfispersoid of the present 
invention. Preferable examples of ethyienicaOy unsaturated monomer as the starting materia! for the polymer cfispersdd 
include olefins such as ethylene, propylene and isobutytene; halogenated olefins such as vinyl chloride, vinyl fluoride, 
vinyfidene chloride, and vinyfidene fluoride; vinyl esters such as vinyl formate, vinyl acetate, vinyl propiona t e, and vinyl 
versatate; acryfic esters such as acrylic add, methacryfic acid, methyl acryiate, ethyl acryiate, butyl acryiata, acryiate- 
2-ethythexyt, dodecyt acryiate, and aeryfate-2-hydroxyethyt; methacryfic esters such as methyl methacryiate. ethyl meth- 
acryiate, butyl methacryiate, metiacryiate-2-ethyth exyt. dodecyi methacryiate. ami methacrytate-24Tyclra^ 
dtmethylarninoethyl acryiata, dimeffiyla mln oe th yl methacryiate and quaternary compounds thereof; monomers of aery* 
lamide such as acrylamlde, methacrytamide, N^ethyldacrylarnlde, N,N-dImethylacry!arride, acryterrtWe-2-methytpro- 
pane sulfonate and sodium salts frereof; monomers of styrene such as styrene, a-rnethytstyrene, p-styrene sulfonate • 
and sodium or potassium salts thereof; N -vinyl pyrroGdone; and monomers of diene such as butadiene , i so prene. and 
chJoroprene. These monomers may be used alone or in combination of two or more. 

Among the ethyienicaOy unsaturated monomers Bsted above, vinyl esters. (metha)acryfic esters and monomers of 
styrene and diene are preferable, particularly vtnyi esters used alone, and combinations of ethylene and vinyl ester and 
of vinyl ester and (metha)acrytic ester. 

When ttie Brookfieid viscosity at 30*0, 20 rpm {r\ 20rpm) is adjusted to 5,000 to 10,000 mPa-S, the ratio {r\ 2rpmh\ 
20rpm) of the Brookfieid viscosity at 30*C. 2 rpm (t\ 2rpm) as against the Brookfieid viscosity at 30*C, 20 rpm (q 20rpm) 
is preferably 1 to 1.8 (preferably 1 to 1.4 and more preferably 1 to 1-3). If the ratio (n 2rprn/r| 20rpm) (hereinafter referred 
to as the structural viscosity) is greater than 1.8, coating weight may fluctuate excessively when the speed of emulsion 
application changes, resulting In decreased water resistance of the coating. It Is noted that when the Brookfieid viscosity 
is within the range of 5, 000 to 1 0,000 mPa-S, the structural viscosity value is substantially uniform, ft is therefore sufficient 
for the present invention that said value Is 1 to 1 .8 at least at one pdnt within said viscosity range. • 

The following method may be employed to adjust the Brookfieid viscosity at 30*C 20 rpm (i\ 20rpm) to fell within 
the range of 5.000 to 10.000 mPaS in order to measure the structural viscosity of the aqueous emulsion according to 
the present invention. 

(1) When the aqueous emulsion has high viscosity: 

Water is added to dilute the aqueous emulsion while its concentration and viscosity are being measured, viscosity 
as relative to the concentra ti on is determined, and the viscosity is adjusted to a desired level. 

(2) When the aqueous emulsion has low viscosity: 

The aqueous emulsion is concentrated in a reduced pressure evaporator whfle its concentration and viscosity are 
being measured. 

viscosity as relative to the concentration is determined, and the viscosity is adjusted to a desired level. 

The Brookfieid viscosity at 30*C 20 rpm of 5.000 to 1 0,000 mPa-S specified in the present invention is a standard 
value for aqueous emulsions used on industrial scala 
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„ , _ Mid ^ntert in the aqueous emulsion is normally 40 to 60 weight* (preferably 45 to 55 wt%). 

t^s-^^ 

rated monomer using sa.d modfied PVA ^sperMm.^ ^ unsaturated monomer in the presence of known 
incoetf-argeorcorrtru^ 

^t^c^^ PO^on staKUty is deteriorated 

^ ^KS!^ adhesives for which the aqueous emulsion of the present invention is best 
^eadhe^acccrrfng^^ 

various additives commonly used tor^r^es^ a^becom^ne^^ ^ ^ents such as toluene, tetra- 
vtecesHy; a*dfOmlorming P-»«£K^ 

chloroethytene, dlchlorobenzene. ^^^^^^^^^^^^ cellulose, and copolymers of male* 
starch, sodium alginate. <*f^t^ B ^ arrf n*W vinyl ethen and thermo- 

^o^add^n^^s^us^ 

fiDers such as day. Kaolin. ^^T^^^^^X^i as defoaming agents, disperse**, an* 
as boric add and aluminum suHate; pgments such «w an,um ana*. «• 

freezing agents, preservatives, and arrf^osc^ agen^^ exe-nent in structural viscosity (llowabiEty and high 
, ZeSueous emulsion toJ^P^^l^^^^^^ fi tt otters a wide range of 

5 pXAMPLES 

otherwise speeded, the terms Tparf and "% ^^^7^^^,^^ emulsion vlsoostty). water reslslamadhe. 

described below. 

(1) Structural viscosity 

water to the emulsion if the viscosity was nign. or aiw"*""! 

evaporator » the viscosity was taw. • 2 0 rpm (n 20rpm) were measured using the 

50 structural viscosity value of the aqueous emulsion » h 2rpm/h 20rpm 

Emulsions having a structural viscosity value ( ^^«*»™~<^*<*^"*"** 
facilitate high speed application. 

55 

(2) water resistant adhesion property 
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in wet state) using a bar coater. The liner paper was pasted with another sheet of the same kind of paper, gently pressed 
with a hand roller tor adhesion and left for curing tor 24 hours at 20°C and at the relative humidity (RH) of 65% to obtain 
a test specimen. 

The specimen was immersed in water at 30*C for 24 hours and then peeled off according to the method of T-peel. 
5 The water resistant adhesion property was evaluated by observation of the peeled surfaca 
The result is indicated by the following marks: 

© : At more than 75% of the adhesion area, the finer paper was broken 

O : At 20 to 50% of adhesion area, the liner paper was broken 

10 a: On3y pry separation at the adhesion layer was observed 

X: Spontaneous peeling (peeling occurred without any stress) 

(3) LowHemperature stability 

is Viscosity of the aqueous emulsion was adjusted to the level used for the measurement of the structural viscosity. 

The emulsion was charged in a 1 00 ml glass sample tube and left standing at 0 D C for one day. Viscosity of the emulsion 

after being left stancfing at 0°C far one day Cn Odeg) was measured, and its ratio as against the viscosity at 30 P C before 

being left standing at 0°C (t| 30deg) was calculated; the viscosity Increase ratio at tow temperature « ti Odeg/rt 30deg. 

Measurement was conducted at 0*C 20 rpm and 30°C r 20rpm using a BrookfieW viscometer. 
20 The result Is Indicated by the following marks: 

<§>: n Odeg/q 30deg « 5.5 to 6.4 

O: t| 0deg/ri 30deg - 7 to 10 

a: 0deg/30deg= 11 to 19 

X: 0deg/30deg*20 

25 

(4) Surface tension 

A 1% aqueous solution of the modified PVA was prepared and left standing at 20*C tor 60 minutes and the surface 
tension was measured by VvUhelm/s method (the plate method). 

30 

Example 1 

(Production of ethylene mocffiied PVA) 

35 into a 100 liter high pressure reaction vessel provided with a stirrer, inlet ports for nitrogen, ethylene and an initiator 
were charged 50 kg of vinyl acetate and 9 J2 kg of methanol and the system was heated to 6CTC. The reaction was 
carried out after nitrogen was bubbled for 30 minutes. Ethylene was then charged unta the pressure of the react ion 
vessel reached 6 kg/cm*. A solution containing 2£'-azcfcis{4-methaxy-2 1 4^methyrva]e^ with the concentration 
of 1 .4 gfliter was prepared as an initiator, which was subjected to nitrogen bubbling. After the inner temperature of the 

40 vessel was adjusted to 60°Q 56 ml of the initiator solution was charged to initiate polymerization. Throughout the polym- 
erization process, ethylene was introduced to maintain the pressure of the vessel at 6 kg/cm* and the polymerisation 
temperature at 60 9 C. The initiator solution was continuously added to the system at the rate of 180 mVhr. Polymerization 
reaction was suspended after six hours when the conversion reached 40% by cooOng the system. The reaction vessel 
was adjusted to the normal pressure to efiminate ethylene. Nitrogen gas was bubbled Into the system to completely 

45 remove efliylena Urtreacted vinyl acetate monomer was removed under a reduced pressure to obtaina methanol solu- 
tion. A methanol solution of mocfified polyvinyl ester (PVAc) adjusted to 20% was added with a NaOH metharol^ution 
(1 0% concentration) wfffi the mole ratio of 0.05 to give rise to hydrolysis. The degree of hydrolysis of the resultant mocfified 
PVA was 98.0 mol%. Surface tension of the 1% aqueous solution of the mocffied PVA was measured to be 57.9 dyne/cm 
at20»C. 

so A methanol solution of the modeled PVAc obtained by removing the unreacted vinyl acetate monomer was precip- 
itated using n-hexane and then dissolved with acetone for re^edpitatfori-refirting. The procedure was repeated for three 
times. Refined mocfified PVAc was then obtained by drying under reduced pressure at 60'C. Ethylene unit content was 
5.5 mor% when measured based on alkali consumption of the modified PVAc. Methanol solution of the modified PVAc 
was hydrotyzed at the alkali mole ratio of 0.2. subjected to Soxhlet extraction with methanol for three days and dried to 

65 obtain refined modffJed PVA. Degree of polymerization of the modified PVA was 1 ,400 when measured according to 
J IS-K6726. The melting point of the modified PVA was 224°(X 
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ulsion polymerisation of vinyl acetate) 
.ntoaS-Oterglass^^^ 

: a nitrogen inlet port were ^*M00 S J "J*™^ ^JZt: 5.5 mot% V and the resultant mixture was 
rmerizaSon: 1.400; degree of rrydrolys*: M ^^^F^was cooled and adjusted to pH 4. added with 

ptetely dissolved at 95-C. The aqueousso^olthe modHted PVAJ ^ e a ^3utton at 1 40 rpm, and 
5 a of ferrous chloride, ^^^^^l^^^^^on of 6^Bonga« were continu- 
n heated to 60-CX Aqueous solution of °-^^^*ZX^^met a temperature between 70 and 80-C. After 
dy added at 15 rnVhr and a, 10 ntfhr ^^^^J^^^^T^L^ tor three hours. Upon 
minutes from the start of polymenzafon, ^^^^"^^^^l ne ^Jto complete the polym- 
tplefion of addition, the ™^^*^f^ o. 23.000 

ration. Stable aqueous emulsion of polyvinyl a ^™^* e i££ ^Tw^adtusted to fall within the range of 

Z^X^Z^^^^Z^^ — 

The results are shown in Tables 1 and 2. 
amptes2to8 

abated. The results are shown In Tables 1 and 2. 
cample 9 

•ntoal-^asatiningpo*^ 
•d a nitrogen Inlet port were charged 400 g of ^"^J* SKLJEnSS mol%) and the resultant mixture was 
^yrnarfzafiorr 1 .400; degree of hydros ^f^^^^^^SS^ with nitrogen, added with 
^pletery dissolved at 95-C. The aqueous ^K>nd *e "^^^^^^Sonnatean was initiated in the 

tation are shown In Tables 1 and 2, 
Example 10 

^ Mmiifia i PVAfdeoreeof polymerization: 1750; degree of hydrolysis: 98.7 moRfc; ethylene J>.0 
Ethylene modified PVA (aegree or ^^"f^" ' " ^ healing. The mixture was charged into a high 
nol%) weighing 21 g was dtesohred £290 g ^adjusted to pH4 with dilute sulfuric acid, 

^ressura autodave provided with a nitrogen ^^^^^^^Z^ to 45 kgWQ (amount of ethylene 
to system was added with f ^^en^e was started using a redox 

ccpdymerized corresponds to ^jl M ^^ & ^^^T^^^no^6^o! residual vinyl acetate reached 
initiatpr of hydrogen peroxide 

. t ivkIam 4 9 



emulsion are shown In Tables 1 and 2. 
Example 11 



^al-Oterafasspc^ati^^^^ 
nitrogen Inlet port were oharged ^00 ^ the resultant mixture was completely 

ization: 1.000; degree of hydrolysfe: 95 .0 T^^^^^^Scoo^ and bubbled with nitrogen before 
dissolved at 9S°C. This aqueous solution ^ e ^^^ heated to 70-C. and polymerization was 

added with 32 g of vinyl acetate end 8 £ «*£^£>£ 1^^^^ po^enzafen was conned. 288 g of 
started using potassium persufete as the '"^^rlSTtnree hours*, complete the polymerisation. Stable 

of 505 % and viscosity of 2,000 mPa-& 
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Comparative Examples 1 to 12 

Emulsion polymerization was conducted in the same manner as described for Example 1 except that the dispereant 
and polymerization conditions listed in Table 3 were employed Resultant aqueous emulsions were evaluated. The results 
5 are shown in Tables 3 and 4. 

Examples 9A to 11A 

In Examples 9A through 1 1 A, aqueous emulsions obtained in Examples 9 through 1 1 respectively were evaluated 
to for their performances as adhesive for paper, wood work and plastics using the methods described below. The results 
are shown in Tables 5 through 7. 

(1) Performance as adhesive for paper 

1 5 Using a bar coaler, 20 g/rn* (wet weight of application) each of the adhesives was applied on a sheet of kraft paper 
and pasted with another sheet of paper of the same kind. Test specimen was prepared by rightly pressing the bonded 
sheets of paper with a hand roller for adhesion and curing the same for 24 hours at 20*C and the relative humidity (RH) 
of 65%. 

zo • Water resistance test fboiUng test): 

The specimen was cut into 25 mm wide strips. Portions of the sheets of paper where no adhesive was applied 
opened. One end of one of the sheets was fixed and an end of the other sheet was attached witti a weight oHOg. The 
specimen was Immersed in boiling water for 10 minutes and measured for the length the sheet of paper peeled oft 

25 

(2) Performance as adhesive for wood work 

Test specimen was prepared by bonding sheets of wood (birch tree) under the following conditions to evaluate the 
performance as adhesive for wood. 

30 

[Bonding conditions] 

Material used: birch - birch (straight grain), water content 8% 
Amount applied: 1 50 o/m* (applied on both surfaces) 
55 Open tone: one minute 

Compression: 20*C; 24 hours, 10 kg/crn* 

[Measurement conditions] 

40 Compressive Shear Strength Test according to JIS K-6852 

* Strength under normal state: 

Specimen was cured at 20°C for seven days and then tested according to JIS K-6852 

45 - 

* Strength after immersion in water: 

Specimens were cured at 20*C for seven days, immersed in water at 20°C for three hours, and tested while sb'D wet 

so * Strength after immersion in hot water: 

specimen was cured at 20*C for seven days, immersed in hot water at 60 P C for three hours, cooled in water at 20*. 
and then tested while wet 

55 (3) Performance as adhesive tor plastics 

Specimen was prepared by bonding a sheet of paper with a sheet of polypropyrene (PP) film and tested under the 
following conditions. 
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[Adhesion conditions) 

Malarial used: kraft paper - oriented polypropyrene (OPP) film (20 pm) 
Amount applied: 30 jjAn? 
5 S^S^ S^essedusingarubberbaodrouer 

[Measurement conditions] 
to •* Strength under normal state: 

Specimen was cured at 20-C tor seven days, martualry peeled off and obser^ 
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* Water resistance: 

Specimen was cured at 20°C for seven days, Immersed in water at 20°C for 24 hours, manually peeled off and tested 

5 
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Table s 

Performance as Adhesive for Paper (boiling test) (mm) 
Example 9A «— - 

Example 10A o 
Example 11A o 



Tabled 



p 


erfbrmance as Adhesive for Wood (adhesion strength) (kg/cm*) 




normal state 


water resistance 


hot water resistance 


Example 9A 


115(40) 


65(15) 


40(5) 


Example 10A 


. 9505) 


60 (10) 


.45© 


Example 11 A 


90(30) 


55 (15) 


. 35(5) V 


The figure In parentheses Indicates the percentage of adhesion area where wood was broken 


Table 7 



Performance as adhesive tor plastics 




normal state 


water resistance 


Example 9A 
Example 10A 
Example 1 1 A 


partly broken 1) 
partly broken 1 > 
partly broken 1 > 


partly broken ^ 
party broken *) 
partly broken 1 ) 



1) Krafl paper was broken In some part of adhesion 



Claims 



1. An aqueous emulsion comprising a dispersant of a modified- polyvinyl alcohol with an ethylene unit content of 2 to 
9 mol% and a degree of hydrolysis of at least 95 mor%, a dispersoW of a polymer of an ethytenteally unsaturated 
monomer, and a ratio ft 2rprn/rj 250rpm) of Brookfiefcf viscosity at 30 # C 2 rpm (q 2rpm) as against Brookfield viscosity 
at 30-C, 20 rpm ft 20rpm) being 1 to 1.8 when the latter viscosity fa 20rpm) is adjusted to 5,000 to 1 0,000 mPa^. 

2. An adhesive comprising an aqueous emulsion according to claim 1. 



3. A dispersant for emulsion polymerization of ethyl erricalry unsaturated monomer comprising a modified polyvinyl 
alcohol with an ethylene unit content of 2 to 9 mol% and a degree of hydrolysis of at least 95 mol%. 
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IN RE: OPPOSITION TO EP-B-1420033 

D2E 



Section 1 - Experimental Details 

Comparative Examples 5 to 7 of EP-A-0692494 were repeated. 

Viscosity and Tg values were measured. 
Section 2 - Measurement of Viscosities 

Hoppler viscosities (20°C, DIN53015) of 4% solutions of ethylene modified 
PVAs were measured. Results of the measurements are shown below in 
Table 2A. 



Table 2A 





Ethylene Modified PVA 


HSppler 
Viscosity 
(mPas) of 4% 
Solution of 
Ethylene 
Modified PVA 


Saponification 
(mol%) 


Ethylene 

Content 

(mol%) 


Polymerization 


Comp.Ex. 5 


90.0 


7.2 


1200 


12.5 


Comp.Ex. 6 


85.0 


10.0 


500 


5.5 


Comp.Ex. 7 


94.0 


4.0 


1700 


26.0 



2 



Section 3 - Measurement of Tg Values 

Tg of polymers (polyvinyl acetate) were measured(DSC method). Results of 
the measurements are shown below in Table 2B. 



Table 2B 





Ethylene Modified PVA 


Tg (°C) 


Saponification 
(mol%) 


Ethylene 

Content 

(mol%) 


Polymerization 


Comp.Ex. 5 


90.0 


7.2 


1200 


30 


Comp.Ex. 6 


85.0 


10.0 


500 


30 


Comp.Ex. 7 


94.0 


4.0 


1700 


30 
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